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ingredient in antibacterial Pharmaceutical composmons^Se^^^^ ^,tibacterial Nltrofuran-. 

Shiaes & 0. Felsenfeid. "Treatment of Unnary Tract Infections w"^^ ^ ^ rjss. E.H. Kass 
!:;Stl^& Chemamerapy. Vol.3. No- 2 ^f^-'f^^^X^^^^ ^ 
OrmancTTOofSril^ln - a^^^^ Between In Vltro-^iniiBvlty 

Internal M edicine . Vol. 96 (1955). pp. 437-450, tudy- W'^^'. ■ , „ ^o. 5 (November. 1973). 

S^TOapeutic Response in Urinary mcl inf«*o . ^^'^ ^ ^^^J^^ -unnary Trad . 
pp. 519-587: Bush. I.M.. W.l. Metzger. 1. Gartovsky. R-B. Bush KJ. ad a 697-700; Dickey. 

Section - Ant-bacterial Susceptibil^P^^^^^^^^^ Bacteria from 

L. "A comparison of the In Vitro BfecUver^ss ^f^it^*™^^^^^^ (September-October. 1961). pp. 273- 
Urlnary Tract ^"^^J^^^'^^'^J^^^^SA^ of Campylobacter jejuni Wrth 

S«^'?rni\orSpa«^^^^^^^ 

"'•iL^tSr^ S^uS-in ^ trea^ent of ^n-f-^^^^^^^ f^^a^'r 
occasionally occurs with oral admlni^ation of .^^^^^^ ^ ,„ , 3. 

mitigating this side ^^^^^^^^^'^^ Haves ^auT& pS^^tn September 10. 1968. Macrocrystalline 
Patent NO. 3.401.221 Issued to Borgmann Hay^. Paul 

polyvinylpyrrolidone are substituents known to be used m a vaneiy or s 

dosage unH forms. ^ ^ u,., „„ 29 1969 discloses controlled release tablets which are 
30 U.S. Patent No. 3.458.622 .ssued to ™ ^ J^^^^^^^^ cari30xyvlnylpolymer. granulating 

pnxluced;by blending a m^-«ment ^^J; P^}^'"^''^;^^.,„y,py^olidone:carbo^^^^^ «n *^ 
drying, and compressing into teblete TTw^ i^o ^ /Jjhat ■•(w)hen the resulting tablet is placed 
controlled release tablets is from about I'-IO » 10.1^ WW J'^«o^^^^^ a complex of low solubility which Is 
in water or gastric fluid, the two PO'^ll^^^o sutetences r^id^^^^ ^,1,^,^^ ^^^^^^ 

3S gumlike in <»nsistency and ... retards ttne f ^^^'^'^.^jfaT^^ material nia? the surface Is 
mere Is a rapid release of f'-^f ^^'^f^.l^'^.f ^^^^^^^ penetration becomes deeper, the. 

allowed to diffuse out of the J^'^l^'^J^^ £J^„ Z o? the active substance. When the tablet 

;:rJ:^^t;rnT«^^^^^^^^^^ - — ^ 

40 ■ the active substance ^PP^^ *!^«'"J^p~'rnVj™ discloses a controlled release tablet In 

U.S. Patent NO. 3.834.584 issued ^^^'^^^f^^^^ and polyettiyleneglycol. Poote 

which tine controlled release is achieved ''V l^,"^'"^^ ^^^^^^ a two-layer tablet, one layer 

achieves a combination of rapid '^^^^ ^'^^'^'^ ^'.f ^ayi Sning a fomtulation of the- active 
containing the contnjlled lelease fo^^'^^^J"!.*^ therein quIcWy available. • 

material which dJslntegrates^pW'Y to m>« J^^^^gSfof ^llrantoin fnJn Coated Crystals". Acte 

El Egakey. M.A.. 'il^-'J^'^^^^^^^ 
Phamiaceutica Technologica. Vol. 28. (^^2) WP^267f ^^^^^ carboxyvinylpolymer. 
Which crystals -of nitrofurantoin were coated '"'f "^J ^ crystal particles. release their 

Sustained release of this ^^.es te «atS c^S pSellSl be made L a capsule dosage 

r rCntto^a -^^^^^^^^^ - - « compressing «tem 

January 25. 1983. disclose sustained release and deiayeo rewa^. 

respectively. . ma i«ued to Kawata. Aruga. Ohmura. Sonobe. Yoneya & Sone 

U.S. Patent Nos. 4 3«.789 ajid 4 404^M ^^"^ ^ f^^^^ed release dosage fom^s made, 

on August 10. 1982 and September 12. ^9^. ^^^^^^^^^^ ^^en dnrihg the solution to form an 
by dissolving an active matenal witti a polymenc maienai «u 
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amomhous mixture of the active material and polymer. The amorphous material is broken into small 
whiSte then filled into hard gelatin capsule shells. Either ^boxyvinylpolymer or P^lny'^ 
ESIdone are disclosed as polymeric matedals which can be used to.produce these sustained release 

"^'^ uTpatent IMo. 4.126.672 issued to Sheth & Tossounian on November 21. 1978. discloses sustained 
release pharmaceutical capsules which are powder mixtures of medicaments with a hydrocolloid or mixture 
?MroSdrGarbo^lnylpolymer is disclosed as one of the hydrocolloids -".^-jj'^^"^^^^^^ 
sustained release capsules. Sheth & Tossounian discloses that "(u)pon oral ingestion of the SMStaJied 
SSelalTs ..rSie capsliiiThel diiiSh^eaving the fomiulation In contact with gastnc fluid. Upon, 

,0 wrgastric fluid. L outem,ost hydrophyllic colloid hydrates tojom, an o>^'^e Jj";!^; ^^^^^^ 

substantially retains the shape of the capsule and therefore acts to prevent the ^^^^ ^l^''^^'';^^- ^ 
(See^lumn 2. lines 3&44.) These hydrated powder masses swell in gastnc fluid such ftat "they have a 
bu^dtX .' less than one and therefore are buoyant in gastric fluid and thus are retained i" a bi^yam 
. stete in *e stomach until substantially all the medicament is released therefrom." (See column 2. lines 1(> 

,6 WerTubstantially all the medicaments therein are released, the gelatinous mass disperses." (See 

^^'Tfe'erltbleSIf ie present Invention to provide a dosage unit torn, of nitrofurantoin which w^^^ be an 
effective treatment for urinary tract infecBons when orally administered to a patent ^JJ^,^^' ^ . 
It is a further object of the present invention to provide such a dosage unit fom, of nitrofurantoin which 
»> when orallv administered to a patient results in minimal side effects of nausea and emess. 

I isIlL robS Of the present invention to provide novel combination sustained release/rapid release 
Dharmaceuticai capsules for oral administration of nitrofurantoin. ,^ ...„„hi„9«nn 

Tis also an object of ttie present Invention to provide a process for producing such combination 

sustained release/rapid release (Dharmaceuticai capsules: . 

.5 The present invention involves a combination sustained release/rapid release ^^^."^^^fj^^^^^ 
for oraradministration of nitrofurantoin comprising, in a capsule shell which is soluble m a gastrointestinal 

luice: . . 

(1) a first layer of a first particulate mixture compnsing: 

(a) from 10% to 90% of nitrofurantoin; 

(b) from 5% to 86% of polyvinylpymDlidone; and . . 

(cHrom 4% to 40% of carboxyvinylpolymer. ^ . . ^^^^^^ 

wheiln iid polyvinylpyrrolidone and said carboxyvinylpolymer occur substantially entirely in separate 
oarticles of said first particuiate mixture; and ... u « — 

(2) a second layer of a second particulate mixture comprising macrocrystalline nitrofurantoin. 

DgTAjLED DESCRIPTION OF THE INVENTION 

The present invention relates to combination sustained release/rapid release pharmaceutical capsules 
for oral administration of nitrofurantoin in which separate layers of a first ^^'^^^ "^'^'^^t^^^, 
piuSate mixture are contained in a capsule shell which Is soluble in a gastrointestinal ,u.ce. Partoula^e 
SSro- as used herein means a mixture of flowabie. particulate solids, such as powders, gi^ules. crystals 
and flake? "Flowable" as used herein means that under light stress particles of the mDcture will move 
Syvfradjaceni particles. (The particles of such mixtures may have a moderate tendency to adhere^ 
S?int pSctes. For example, some commerd^ capsule filing machines lightiy oornpress the ^rbculate 
mK being filled into capsule shells such that a "plug" of ttie particulate mixture .s forrried. Such a plug 
S^^eriS m% have suffictent cohesiveness to remain intact witt. gentie handling o^t^'-'^V fhTat^^ s 
Howler such a plug of material can be easily broken apart under light pressure, and such rnatena^ is 
to be flowable herein.) The first particulate mixture comprises "''^^^^^"^^^.i.nXS 
Sne. and cariDoxyvinylpolymer. The second particulate mixture compnses "^^''^^'^'^^^^''l'^^^^'^ 
0 n Prderred pharmaceutical capsules of «ie present irivention also contain ottier ^^^"^^"^^^ 
wMch aid in the preparation of the capsules. The riecessary and optional Ingredients are described in detail 

'*'°Jlhen a combination sustained release/rapid release pharmaceutical capsule of the Present Inventionis 
administered orally to a patient, tine patient swallows ttie capsule so tinat it reaches the stomach 'ntact The 
c^^ e sSl is. generally of such material such that It dissolves in tine addle ^«^7^^J, 
LTpon dissolution of tine capsule shell, ttie gastric juice wets ti^ layers of particulate mixtures tiiat y^^j^e 
m capsule shell. I^or tiie layer , of tine second particulate mixture (<rOmprislng macrocry^ Hne 
rSrSoinrthe partides rapidly disperse In the stomadi. In this way. a rapid release of nitrofurantom is 
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made available for absorption Into the systemic system. Alternatively, the layer of the second particulate 
mixture and the layer of the firet particulate mixture can be separated from one another by enclosing either 
layer inside a smaller capsule shell within the capsule shell containing the entire dosage unit fbnm. 

For the layer of the first particulate mixture (comprising nitrofurantoin, polyvinylpyrrolidone and carbox- 
yvinylpolymer). Instead of the particles dispersing In the gastric juice, the wetting of the outer thickness of 
the first particulate mixture results In the formation of a cohesive mass which does not disperse or 
substantially swell but remains intact In the acid stomach medium. Only a small amount of nitrofurantoin 
diffuses from the cohesive mass as: long as it remains in the stomach. Upon passing from the acidic 
stomach medium to the more alkaline environs of the intestines, the cohesive mass formed from the layer 
of the first particulate mixture softens and slowly erodes. In this way. a sustained release of nitrofurantoin is 
made available in the intestines for absorption into the systemic system. 

The combination of rapid release and sustained release of nitrofurantoin^ is preferably regulated by the 
formulation of the capsules to achieve a therapeutic level of nitrofurantoin in a patient for a period of about 
twelve hours or mor^. Capsules which can be used to achieve such duration of a therapeutic level of 
nitrofurantoin in a patient with minimal side effects of nausea and emesis are described in detail 
hereinbelow. 

NITROFURANTOIN 

As used herein, "nitrofurantoin" is the compound N-(5-nitro-2-furfurylideneH-arninohydantoin. which 
has the following chemical structure: 
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or its phannaceutically acceptable salts, hydrates, or complexes. (See "6445. Nitrofurantoin". The Merck 
Index. 10th ed. (1983. pp. 946-947;) As used herein, nitrofurantoin "complexes" refer to chemical com- 
piiSis of nitrofurantoin with other chemical constituents which result in entities which retain at least a 
substantial portion of the antimicrobial activity of nitrofurantoin. Examples of such complexes include 
nitrofurantoin-phthaloyi glycine and hitrofurantoin-phthaloyi aminocaproic acid, . 

A metiiod for preparing nitrofurantoin Is disclosed in U.S. Patent No. 2.610,181 issued to Hayes on 
September 9. 1952. which Is incorporated herein by reference. A. method for preparing macrocrystalline 
nitrofurantoin is disclosed in U.S. Patent No. 3.401.221 issued to Borgmann. Hayes. Paul & Paul on 
September 10, 1968. which is incorporated herein by reference. As used herein, "macrocrystalline 
nitrofurantoin" Is particulate crystalline nitrofurantoin where at least 90 weight percent of the crystals have a 
surface area of from about 120 cm^/g to about 1.000 cm^/g. Prefen-ed macrocrystalline nitrofuraritoin has at 
least 90 weight percent of the crystals with a surface area of from about 195 cm2/g to about 485 cm^/g. 
Highly preferred macrocrystalline nitrofurantoin is available commen^lally from Nonwich Eaton Pharmaceut- 
icals. Inc. (Norwich, New York) under tine trade name l^acrodantin®. 

For nitrofurantoin there is a minimum ttierapeutic concentration of tfie active drug tiiat must be reached 
in certain tissues or tiie urine of tiie patient If tiie desired treatment is to occur. Sustained release 
pharmaceutical dosage unit forms of nitrofurantoin such as tiiose disclosed in Huber and El Egakey 
hereinabove, generally make tiie nitrofurantoin available a littie bit at a. time over an extended period of 
time. Since tiie nitrofurantoin is metabolized in ttie body or is eliminated In tiie urine witii time, it may be a 
very long time or never tiiat it reaches tiie minimum ttierapeutic concentration in tiie desired tissues or tine 
urine, If ttie sustained release of nitrofurantoin is slow. In order to overcome tills. It has been found 
necessary to provide an initial rapid release dose of nitrofurantoin to rapidly achieve tiie minimum 
ttierapeutic concentration, (Huber provides such rapid release dose of nitrofurantoin wltti a tablet having two 
discrete portions, one a siovTreiease portion and one a rapid release portion containing micronized 
nitrofurantoin.) Once the mlnimurn tiierapeutic concentration of nitrofurantoin is surpassed In ttie desired 
tissue or urine, a sustained release of nitrofurantoin can maintain It by delivering the nitrofurantoin In 
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sufficient quantities to compensate for the amount metabolized by or eliminated from the patienf s body. 

In developing combination sustained release/rapid release nitrofurantoin dosage unit forms, only a small 
frequency of nausea and.emesis was expected from the use of microcrystalline nitrofurantoin in the rapid 
release portion, based on previous experiences with small, dosages of microcrystalline nitrofurantoin. 
Instead it was found that the small amounts of nitrofurantoin provided In the rapid release portion of certain 
combination dosage unitfonns resulted in surprisingly frequent instances of nausea and emesis in patients, 
when such nitrofurantoin was microciystaiiine (smaller crystals than macrocrystalline nitrofurantoin. e.g. 
micronized or powdered nitrofurantoin). . \. „ ^ « ■ • 

Although it is known that macrocrystalline nitrofurantoin substantially reduces the side effects of nausea 
and emesis. a suitable method for incorporating macrocrystalline nitrofurantoin in a combination sustained 
release/rapid release dosage form was not known or readily apparent. Macrocrystalline nitrofurantoin could 
not be readily incorporated as a part of a combination sustained release/rapid release tablet, such as that of 
Ruber, since the granulating and tableting operations used to produce the tablets would reduce the size of 
thTmacrocrystals such that they would not provide the desired reduction in nausea and emesis. The 
combined sustained release/rapid, release pharmaceutical capsules of the present invention incorporate 
macrocrystalline nitrofurantolh in the rapid release portion df the dosage unit form, thus mitigating the side 
effects of nausea and emesis which occur when microcrystalline nitrofurantoin Is used in the rapid release 

"""^For the combination sustained releasefrapid release nitrofurantoin capsules of the present invention, the 
rapid release (second particulate) mixture comprises from 10 mq to 200 mg of macrocrystalline nitrofuran- 
toin per capsule, preferably from 25 mg to 100 mg of macrocrystalline nitrofurantoin per capsule, more 
preferably from 40 mg to 60 mg of macrocrystalline nitrofurantoin per capsule. 

For the combination sustained releasefrapid release pharmaceutical capsules of the present inventon. 
the sustained release (first particulate) mixture comprises from 10% to 90% of nitrofurantoin, preferably 
from 20% to 70% of nitrofurantoin, more preferably from 30% to 60% of nitrofurantoin. The quantity of 
nitrofurantoin in the first particulate mixture is from 50 mg to 1000 mg per capsule, preferably from 100 mg 
to 400 mg per capsule, more preferably from 1 50 mg to 250 mg per capsule. . . 

For the sustained release (first particulate mixture. It is Important that the nitrofurantoin, the polyvinyl- 
pyrrolidone and the cart)oxyvinylpolymer be substantially uniformly mixed, in order to achieve such a 
substantially uniform first particulate mixture. It is preferred that the nitrofurantoin have a particle size range 
similar to that of the polyvinylpyrrolidone and carboxyvinylpolymer. TTie particle ^ze of the nitrofurantoin in 
the firet particulate mixture preferably is such that 100 percent of particles which will pass through a 60 
mesti sieve (U.S. Standard Screen). 

ss Polyvlnylpymilldone 

In the sustained release phamiaceutfcal capsules of the present invention, ft has been found that 
polyvinylpyrrolidone is a necessary ingredient to achieve sustained release of the nitrofurantoin. As used 
herein, "polyvinylpyrrolidone" or. "PVP" is poly[1 -(2-0X0-1 •pyrrolidlnyl)ethyl«ie]: 
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(See "7594. Povidone". The Merck Index, tenth ed. (1 983). p. 1 1 06.). 

. Polyvlnylpyrrolidone"irpT5dIi5"eT55?nmercially as a series of products having mean molecular weights 
ranging from 5.000 to 1,000.000. Polyvinylpyrrofidpne preferably used in the present invention has a mean 
molecular weight of from 7.000 to 700,000. ^ , ^ 

The primary purpose of the polyvinylpyrrolidone in the sustained release pharmaceubcal capsules of 
the present invention is to provide for the forrhation of the cohesive mass rapidly upon being wetted by 
gastrointestinal juice, when the capsule shell is pemieated by the juice. Without the presence of poly>rtnyl- 
pyrrolldone In the particulate mixture, either a cohesive mass does not form, or any mass that does fomi 
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does not have sufficient structure to provide tlie desired sustained release function. If sufficient pblyvinylpyr- 
rolidone is present in tiie particulate mixture to Initially form a stable cohesive mass, a greater percentage of 
polyvinylpyrrolidone In the particulate mixture has little or no effect on the duration of sustained release of 
the nitrofurantoin from the cohesive mass. 

The particulate mixture of tfie sustained release pharmaceutical capsules of tiie present invention, 
comprises from 5% to 86% of polyvinylpyrrolidone, preferably from 10% to 80% of polyvinylpyn-oiidone, 
more preferably from 15% to 70% of polyvinylpyrrolidone, more preferably still from 20% to 60% of 
polyvinylpyrrolidone. The particle size of the polyvinylpyrrolidone in tiie particulate mixture preferably is 
such tiiat 100 percent of particles will pass through a 60 mesh sieve (U.S. Standard Screen). 

Carboxyvinylpplymer 

Carboxyvlhylpolymer is anotiier necessary ingredient in order to achieve tiie sustained release phar- 
maceutical capsules of ttie present invention. The term "carboxyvinylpolymer" as used herein describes a 
family of compounds disclosed and claimed in U.S. Patent No. 2.798,053 issued to Brown on July 2. 1957. 

A carboxyvinylpolymer is an interpolymer of a monomeric mixture comprising a monomeric olefinically 
unsaturated carboxyllc addj and from 0.1% to 10% by weight of tiie total monomers of a polyetiier of a 
polyhydric alcohol, which polyhydric alcohol contains at least 4 carbon atoms to which are attached at least 
3 hydroxyl groups, tiie poiyetiier containing more tiian one alkenyl group per molecule. Ottier monoolefinic 
zo monomeric materials may be present in tiie monomeric mixture if desired, even in predominant proportion. 
Carboxyvinylpolymers are substantially insoluble in liquid, volatile organic hydrocarbons and are dimension- 
ally stable on exposure to air. 

Preferred polyhydric alcohols used to produce carboxyvinylpolymers include polyols selected from the 
class consisting of oligosaccharides, reduced derivatives thereof in which tirie cartDonyl group is converted to 
26 an alcohol group, and pentaerythrttol; more preferred are oligosaccharides, most preferred is sucrose. It is 
preferred tiiat tfie hydroxyl groups of the polyol which are modified be etiierified with ailyl groups, tiie 
polyoi having at least 2 allyl etiier groups per polyol molecule. When tiie polydl is sucrose, It Is preferred 
tiiat tiie sucrose have at least 5 allyl etiier groups per sucrose molecule. It is preferred ttiat tiie polyether of 
tiie polyol comprise from 0.1% to 4% of ttie total monomers, more preferably from 0.2% to 2^%. 
30 Preferred monomeric olefinically unsaturated carboxyllc acids for use in producing carboxyvinyl- 
polymers used herein include monomeric. polymerizable, alpha-beta monoolefinlcally unsaturated lower 
aliphatic carboxylic acids; more preferred are monomeric monoolefinic acrylic acids of the structure: 
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where R is a substituent selected from hydrogen and lower alkyi groups; most preferred is acrylic acid. 

Prefen-ed cartDoxyvlnylpolymers used in formulations of tfie present Invention have a molecular weight 
of at least about .750.000; more prefen-ed are carboxyvinylpolymers having a molecular weight of at least 
1.250.000; most prefenred are carboxyvinylpolymers havlrig a molecular weight of from 2.500,000 . to 
45 4,500,000. 

Various cart30xyvinylpolymers are commercially available from B.F. Goodrich Company. New York, 
N.Y., under ttie tradename CariDopol. Carboxyvinylpolymers preferred for use in the sustained pharmaceuti- 
cal capsules of tiie present invention include Cartjopol® 940 having a molecular weight of about 4,000.000 
and CartDopol® 941 having a molecular weight of about 1^50.000. Highly preferred Cartwpol® 934 is a very 
50 slightly cross-linked carboxyvinylpolymer having a molecular weight of about 3.000,000. It has been 
described as a high molecular weight polyacrylic acid cross-linked witii about 1% of polyallyl sucrose 
having an average of about 5.8 allyl groups for each molecule of sucrose. 

The primary function of tiie carboxyvinylpolymer in ttie sustained release phannaceutical capsules of 
tiie present invention Is to control the duration of tfie sustained release of tiie nitrofurantoin. As tiie 
55 percentage of carboxyvinylpolymer in tiie particulate mixture is increased, tiie duration of sustained release 
of tiie nitrofurantoin Increases; tiierefore". tfie percentage of carboxyvinylpolymer is adjusted to achieve tfie 
desired sustained release rate of tiie nitrofurantoin. 

The particulate mixture of tiie sustzuned release pharmaceutical capsules of tiie present Invention 
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comprise from 4% to 40% of carboxyvlnylpolymer. preferably from 5% » 25% of carboxyvlnylpolymen^ 
more preferably from 6% to 15% of carboxyvinylpolymer. more preferably still from 7% to lOA o^ 
carboxyvinylpolymer. The particle size of the carboxyvinylpolymer in the Pf-^ulate "nbrture Preferably s 
sSTSIat 100 percent of particles will pass through a 60 mesh sieve (U.S. Standard Screen^ (Due to 
adherence of carboxyvinylpolymer particles to one another, force may be required to pass the carboxyvinyl- 
polymer particles frirough such sieve.) 

Optional Ingredients 

For the combination sustained release/rapid release phamiaceutical capsules of the present inventon 
necessary ingredients are the nitrofurantoin, polyvinylpyrrolidone, and carboxyvinylpolymer as descnbed 
hereinabove. Other pharmaceutical carriers may be added to provide capsules having the desired char- 
acteristics or as production aids. By "pharniaceuUcal can-ler" as used herein. Is meant one or more 
SmpSbte solid flHer diluents or solid or. liquid substances added to aid In the production of the capsules, 
such as lubricants to reduce friction and glidants to improve flow of the particulate mbrtures. By 
-c«lipatible" as used herein, is meant that the components are capable of being coiT.ingled without 
interacting In a manner which would substantially decrease the pharmaceutical efficacy of the capsules 

under ordinary use situations. 

some examples of substances which can serve as pharmaceutical carriers are sugars, such as lactose, 
glucose and sucrose: starches, such as com starch and potato starch; cellulose and its derlvatves. such as 
sodium carboxymethylcellulose. ethylcellulose. cellulose acetate: powdered tragacanth; malt gelatin: talc; 
stearic acid: magnesium stearate; zinc stearate; calcium sulphate: silicon dioxide; vegetable oils, such as 
peanut oil. cottonseed oil, sesame oil. olive oil. com oil and oil of theobroma: polyols. such as propylene 
glycol, glycerine, soriaitol. mannitol. and polyethylene glycol: agar, and alginic add; as well as other non- 
toxic compatible substances used in phamiaceutical formulations. WetOng agents such as sodium laural 
sulphate, as well as coloring agents, lubricants, exciplents. stabilizers, antioxidants, and preservatives, can 
also be present 

Capsule Shells 

The combination sustained release/rapid release nitrofurantoin capsules of the present invention 
comprise particulate mixtures in a capsule shell which is soiubte.ln a gastrointestinal juice. The prefen-ed 
capsule shells used for capsules of the present Invention are hard gelatin capsules. Hani gelatin capsules 
are soluble In gastric Juice. As described hereinabove, dissolution of the capsule shell results in the layer of 
the second particulate mixture, dispersing rapidly thus making the macrocrystalline nitrofurantoin contained 
ttierein available for rapid absorption into the systemic system. The first particulate mixture of the combined 
sustained release/rapid release capsules fomis a cohesive mass which is eroded very UtUe In 1">~- 
Hard gelatin capsule shells thus provide the needed structure to deliver the sustained release portion of the 
capsules to the intestines where sustained release of the nitrofurantoin contained therein occure. 

If it were desired to prevent any. release of nitrofurantoin in the stomach, a capsule shell or coated 
capsule shell could be used whose solubility is pH dependent such that the capsule shell or coating does 
not dissolve until it reaches the Intestines. The rapid release portion of the nitrofurantoin would thus be 
released in the Intestines followed by the sustained release of nitrofurantoin from the sustained release 
portion of the capsules. However, for most purposes, it is Referable to have the rapid release portjon of 
macrocrystalline nltiflfurantoin dispersed in the stomach in order to achieve systemic absorpUon of 
nitrofurantoin more rapidly. 

Process for Proclucing the Combination Sustained Releasefftopid R^ease Capsules 

The combination sustained release/rapid release nitrofurantoin capsules are preferably produced by a 
process comprising the steps of. (1) preparing a first particulate mixture, said first parBpulate mixture being 
tiie same as for the sustained release portion of the nitrofurantoin capsules described hereinabove.. (2) 
creparing a second particulate mixture comprising macrocrystalline nitrofurantoin; and (3) filling, into a 
capsule shell, a first layer of said first particulate mixture, and a second layer of said second particulate 
mixture. The combination sustained release/rapid release nitrofurantoin capsules of the present iro/enton 
6an be easily and inexpensively produced using standard phanriaceutical industry mixing and capsule-filling. 

^"'fwiparate particulate mixtures are produced. The first parficulate mixture comprises nitrofurantoin. 
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polyvinylpyrrolidone, and carboxyvinylpolymer raw materials which are each preferably obtained In solid, 
particulate form, either as granules or powders. These separate raw materials are preferably powders, . 

The nitrofurantoin, polyvinylpyrrolidone, cart^oxyvinylpoiymer. and any pharmaceutical canier powder 
components are preferably dry blended until the particulate mixture is substantially uniform in composition. 

For a pharmaceutical carrier which is to be Incorporated In the first particulate mixture as a liquid, such 
liquid may be incorporated by spraying or other addition means and blending the first particulate nnbcture 
until the liquid Is unformly dispersed therein. Although some liquid may thus be added to the first particulate 
mixture, it retains its flowable, particulate form. u, u 

The second particulate mixture comprises macrocrystainne nitrofurantoin, and preferably any phar- 
maceutical carriers as described hereinbefore needed to provide a second particulate mixture which can be 
readily filled into capsules using a capsule-filling machine, and such that the second particulate mixture will 
rapidly disperse In the gastrointestinal juice when the capsule shell dissolves. The formulation of such 
second particulate mixtures is well witiiln tiie purview of a person skilled in tiie art of formulating 
pharmaceutical capsule compositions; ; \u *itt ^ 

The sustained release (first particulate) and rapid release (second particulate) mixtures are then filled 
into a capsule shell in separate layers, preferably using standard pharmaceutical capsule-filling machines. 
The order In which ttie sustained release and rapid release mixtures are filled Into tine capsule shell Is not 
important. For the combination sustained release/rapid release nitrofurantoin capsules, it is preferred that 
there be a single layer of sustained release (first particulate) mixture and a single layer of rapid release 
(second particulate) mixture. However, more than one layer of efther or botii of tfie mixtures, could be. 

included In such capsules. , , u^t. 

The following noniimlting examples describe combination sustained release/rapid release nitrofurantoin 
capsules of tfie present invention and processes for producing tiiem. 



25 EXAMPLE 1 

Combination sustained release/rapid release nitrofurantoin capsules of tiie present invention are made 
according to tiie following fonnnulaHon: 



30 



Sustained Release Mixture 



35 



40 



45 



Ingredient 

Nitrofur^toin monohydrate 
Carbopol 934P 
PVP C-1 5 
Talc 

Zinc Stearate 
Total 



Weight Per 


Weight Per 


Weight 


Batch (g) 


Capsule (mg) 


Percent 


15.00 


150.0 


49.3 


1.77 


17.7 


5.8 


13.10 


131.0 


43.1 


0.35 


3.5 


lr2 


0.18 


1.8 


0.6 


30.40 


304.0 


100.0 



50 



55 



The CarbojDOl® 934P (pharmaceutical grade of Carbopol® 934. B.F. Goodrich Chemical. Company, 
Cleveland. Ohio). PVP C-15 (mean molecular weight of about 8.000. GAF Corporation, Wayne. New Jersey), 
talc, and zinc stearate are combined In a mortar and triturated well. The nitrofurantoin: monohydrate 
(Norwich Easton Pharmaceuticals. Inc.. Norwich, New York) is added to this mixture in the mortar and 
triturated well until a substantially unifomi first particulate mixture Is achieved. 

The resulting first (sustained release) particulate mixture is hand filled as a first layer into size 1 hard 
gelatin capsule shells. A second layer of 50 mg of macrocrystalline nitrofurantoin (rapid release particulate 
mixture) is hand filled Into each such capsule on top of tiie first layer. The resulting capsules provide a 
combined rapid release/sustairied release dosage unit form of nitrofurantoin. 
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EXAMPLE 2 

Combination sustained release/rapid release nitrofurantoin capsules of the present invention are made 
accoreling to the following formulation: 



10 



75 



Sustained Release Mixture 



20 



Incaredient 



Weiglit Per 
Batcli (g) 



Weight Per Weight 
Capsule (nr^g) Percent 



25 



30 



Nitrofurantoin 

anhydrous acid 
Carbopol*^34P 
PVR K-90 
Talc 

Zinc Stearate 
Total 

35 A first particulate mixture of nitrofurantoin (anhydrous acid. Norwich Eaton Pharmaceuticals. Inc.. 
Norwich. New York) PVR K-90 (mean molecular weight of about 630.00. GAF Corporation. Wayne. New 
Jersey) and the other Ingrediente above is prepared according to the method described in Example 1. 
Macrocrystalline nitrofurantoin (100 mg per capsule) is used as the rapid release particulate mixture and 
capsules are prepared according to the method described in Example 1. The resulting capsules provide a 

40 combined rapid release/sustained release dosage unit form of nitrofurantoin. 



15.00 


150.0 


59.0 


2.66 


26.6 


10.5 


7.21 


72.1 


28.4 


0.35 


3.5 


l.« 


0.18 


1.8 


0.7 


25.40 


2514.0 


100.0 



EXAMPLE 3 

Combination sustained rele>ase/rapid 
45 according to the following fomtulation: 



release nitrofurantoin capsules of the present invention are made 



60 



55 
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Sustained Release Mixture 







W#iaht Per 


Weiaht 


Ingredient 


Batch (g) 


Capsule (mg) 


Percent 


Nitrofurantoin monohydrate 


15.00 


150.0 


49.3 


Carbopol*^H1 


5.31 


53.1 . 


17.5 


PVP C-15 


9.56 


. 95.6 


31.4 


Talc 


0.35 


3.5 


1.2 


Zinc Stearate 


0.18 


1.8 


0.6 


Total 


30.40 


304.0 


100.0 



20 A first particulate mixture of sodium nitrofurantoin (Norwich Eaton Pharmaceuticals. Inc.. Norwich. New 
York), Carbopol 941 (B.R Goodrich Co.) and the other ingredients above Is prepared according to the 
method described in Example 1. Macrocrystalline nitrofurantoin (50 mg per capsule) Is used as the rapid 
release particulate mixture and capsules are prepared according to the method described in Example 1. 
The resulting capsules provide a combined rapid release/sustained release dosage unit fonm of nitrofuran- 

25 toln. 

EXAMPLE 4 

Combination sustained release/rapid , release nitrofurantoin capsules of the present Invention are made 
30 according to the following formulation: . 



Sustained Release Mixture. 





Weight Per 


Weight Per 


Weight 


Ingredient 


Batch (g) 


Capsule (mg) 


Percent 


Nitrofurantoin "monohydrate 


15.00 


150.0 


45.6 


CarbopoI^34P 


8.85 


88.5 


26.9 


PVP C-15 


8.52 


85.2 


25.9 


Talc 


0.35 


3.5 


1.1 


Zinc Stearate 


0.18 


1.8 


0.5 


Total 


32.90 


329.0 


100.0 



A first particulate mixture of the above ingredients is prepared according to the methods described in 
Example 1. Macrocrystalline nitrofurantoin (25 mg per capsule) Is used as the. rapid release particulate., 
mixture and capsules are prepared according to the method described In Example 1 . The resulting capsules 
. 55 provide a combined rapid release/sustained release dosage unit form of nitrofurantoin. 

EXAMPLES . 
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Combination sustained release/rapid release nitrofurantoih capsules of the present invention are made 
according to the foliowing formulation: 

Sustained Release Mixture 



10 



16. 



20 



Ingredient 



Weight Per Weight Per Weight 
Batch (g) Capsule (mg) Percent 



Nitrofurantoin monoliydrate 


161.U 


161. « 


45.6 


Carbopol'^SHP . 


283.2 


28.32 


8.0 


PVP .K-29/32 


881.7 


88.17 


24.9 


Talc 


35.« 


3.5U 


1.0 


Cabosit 


35. « 


3.5U 


1.0 


Dipac 


619.5 


61.95 


17.5 


Magnesium Stearate 
Total 


70.8 


7.08 


2.0 


35U0 


354.0 


100.0 



25 



30 



The nitrofurantoin monohydrate. Carbopol 934P (B.F. Goodrich Chemical Co,. Cleveland. Ohio), PVP K- 
29^32 (mean molecular weight of about 40.000. GAP Corporation. Wayne, New Jersey). Cabosil (colloidal 
silicon dioxide, Commerdal Chemicals. Ina, Buffalo. New Yoric). and talc are blended in a V-blender 
(Patterson-Kelly Co., East Stroudsburg, Pennsylvania) for 10 minutes. The mixture is then sifted through a 
60 mesh sieve (U.S. Standard Screen) using a Stokes Oscillating Granulator (Model 900-43-8. Siiarples- 
Stokes Division. Pennwalt Corp., Warminster. Pennsylvania) in order to eliminate any agglomerates or 
lumps of material; lumps are broken up and all material is forced through the screen. The mixture is further 
blended In the V-blender with sequential addition of the Dlpac (compressible sugar. Amstar Corp.. BrooWyh, 
New York) and magnesium stearate until a substantially uniform first particulate mixture Is obtained. 



35 



Rapid Release Mixture 



40 



Ingredient 



Weight Per Weight Per Weight 
Batch (gl Capsule (mg) Percent 



45 



50 



55 



Macrpdantin* . 


500 


50 


.0 


15.4 


Talc 


230 


23 


.0 


7.1 


Starch 


380 


38 


.0 


11.7 


Lactose, hydrous 


21 to 


2T» 


.0 


65.8 


Total 


3250 


325 


.0 


100.0 



The rapid release particulate mixture is prepared by adding the Macrodantin® (Nonwich Eaton Phar- 
maceuticals. Inc., Norwich. New York) and the other above Ingredients to a V-blender and mixing, for 10 
minutes. 

Capsules are prepared by first filling 325 mg of the rapid release particulate mixture as a first layer Into 
a size 0 hard gelatin capsule shells using ia commercial capsule filling machine (Hanro Hofliger Model 
KFM/3, M.O. Industries. East Hanover, New Jersey). After such first layer is filled into tiie capsule shells, the 
resulting partially filled capsules are again fed into the capsule filling machine and 354 mg of ihe sustained 
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10 



15 



20 



release particulate mbcture is filled into each capsule shell as a second layer on top of the rapid relase. 

^d SprSi le a^ T^vided for in the USP except that they do not contain the enzymes. Capsules 

'"'Tle"TS'Tras3Lance of the capsules of this example is demonstrated in thisjest by the 

nitrofurantoin dose in solution. 
Claims 

1. A combination sustained release/rapid release pharmaceutical ^P^"*^^^^^^ 
nltr^rantoin comprising, in a capsule siiell wiil^ 

(1) a first layer of a first particulate mixture comprising: 

(a) from 10% to 90% of nitrofurantoin; 
,g (b) from 5% to 86% of polyvinylpyn^olidone; and 

(c) from 4% to 40% of carboxyvlnylpolymer; ^ \ ^ ^*»^^i«e 

whil-m said polyvinylpyrrolidone and said carboxyvlnylpolymer occur entrely in separate particles 

S)f^ndCoT^n"jp^^^^^^^ 

2 The capsule of Claim 1 wherein said first particulate mixture compdses from 10% to 70% of 
polyvinylpyrrolidone, and said capsule shell is soluble in gastric juice. 

3 The caosule of Claim 1 wherein said first particuiate mixture comprises from ^S]^ ^ 60% of 
juicQ. 

4. The capsule of Claim 2 wherein said first particulate mixture comprises from 5% to 25% of 
carboxyvlnylpolymer. 

5 The capsule Of Qaim 3 wherein said first particulate mixture comprises from 20%. to 70% of 
nitrofuriitDin acid., or a hydrate thereof, and from 5% to 15% of carboxy^^^^ 

6 The capsule of Claim 2 wherein said first particulate mixture comprises from 30% to 70%. of 
.45 nltrofurantdinacld.or,ahydratethereof.andfrom7%to10%ofcartDoxyvm^^^^^^ 

7. The capsule of Claim 4 wherein said carboxyvinylpolymer has a rr,olecular weight of at least 1.250.000. 
and s^d capsule shell Is a hard gelatin capsule shell. 

«, a The capsule of Claim 5 wherein said carboxyvinylpolymer has a molecular weight of 

Ind iraThracryllc acid crbss-linked with about 1% of polyallyl sucrose havng an average of about 5.8 
allyl groups for each molecule of sucrose. 

9 The capsule of Clkim 6 wherein said ca*oxyvinylpolymer has a 
55 Indi?ni?lyacryiicaddaossHinted.withabout1%of.polyallylsucroseh^^^^ 

ally! groups for each molecule of sucrose. 
10. The capsule of Claim 8 wherein said polyvinylpynrolidone has a molecular weight of from 7.000 to 
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. 700,000. 



11 The* process for producing a comb.na«on sustained rel^se/rapid please pharmaceutical cap^le tor 
oral administration of nitrofurantoin corhprising the steps oft 
(1) preparing a first particulate mixture comprising: 

(a) from 10% to 90% of nitrofurantoin; 

(b) from 5% to 86% of polyvinylpyn-olidone: and 

. ^n^pj.^^'^'srs^^ ^ 

Sr^2;rKt:re.^d a secor^d layer of said second ^^^^ 
carboxyvlnylpolymer. 

^ riPim 12 wherein said carboxyvinylpolymer has a molecular weight of at least 
r250'rSd1.dSsiesS^^^ 

1. The process of Claim 13 w-e. ..d^^P^^^ 

a molecular weight of from 7.000 to ^OOJOO. andfrom 7%^o » , „c acid cross-linked 

molecular weight of about 3.000.000 sa.d ^^^^^'Pf^^^ f^,^^ Jrcips for each molecule of 
25 wlthabout1%of polyallyl sucrose having an average of about 5.b a ly 8 



sucrose 
Revandicattons 

30 1. 



(a) de 10% ^ 90% de nitrofurantolhe; 
j5 (b) de 5% & 86% de polyvlriylpynrolidone; et 

(c) de 4% I 40% de polymere carboxyvinyhque: . carboxyvinylique se pr^sentent 

caii^ris^e en ce que ladite polyvinylpyrrolidone e^^ 

totalement sous fbm« de particules ^P^^^J^"^; J^^^^^^ nltrofuranto-ihe .macr(^ 

(2) unesecondecouched'un second melange parbcuiaire.comprei * 

40 cristalline. 

de 10% i 70% de polyvinylpynx)lidone. et en ce que .» 1"^ 

le liqulde gastrique. . . 

, .,r,rt6ri,6e en ce que le dlt premier mdlangeiiartlculalrecomprend 
capsule selon la revendicaton 1. ca-actens6e « ^ enveloppe de la capsule est. une 

de 15% k 60% de polyvinylpyn-olidone. et en ce que ««ie env hp . 
enveloppe de gelatine dure qui est soluble dans le llquide gastdque. 

Capsule seion la revendlcation 2. caractens^e en ce que le dU premier y h 
de 5% a 25% de. polymfere carboxyvinylique. 

'^A^ rfi nue le dit premier melange particulalre comprend 

5. Capsule selon la revendlcation 3, caract6"^e en ce que ^ ^^^ P^ \^ ^ ^ p^iymere 
de 20% & 70% d'acide nitrofuranto-ihique ou de 1 un de ses nyorax^^^ 

55 caitoxyvinylique. 

« *^.ioA^ c^n re aue le dit premier melange particulalre comprend 

6. Capsule selon la revendlcation 2. caract6ris6e en ce que '^J^^ ^^^^^ ^ ^e polymfere 
de 30% a 70% d'acide nitrofurantoYnique ou de I un de ses nyaraw^. 



45 



50 4. 
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7. 



carboxyvinylique. 

Caosule selon ta revendicatton 4. caracteris^e en ce que le dit polym&re carboxyvinylique a un ^ids 
S^a^d-eu moins 1 250 000 at en ce que la dite enveloppe de la capsule est une enveloppe de 
s gelatine dure. 

H Caosule ^lon la revendicatton 5. caract6ris6e en ce que le dit polymere carboxyvinyfique a un poids 
a Capsule « ^ ' polymere d'acide acrylique reticule par environ 1% de 

9 Caosule selon la revendicatton 6. caract6ris6e eh ce que le dit polymSre carbo^^inylique a "n polds 
S^oLn-e^^^^ 3 000 000 et est un polymfetB d'acide acrylique .€ticul6 par environ 1% de 

« 10. capsule selon la revendicatton 8. caraclerisee en ce que la dite polyvinylpynrolldone a un poids 
mol^culaire de 7 000 & 700 000. 

11 Proc6d6 de production d'une capsule pharmaceutique pour I'administraUon par vole o^^te de nitrofuran- 
toJ?cornbinint une liberation contr6l4e et une liberation rapide. caract6rte6 en ce qu'll conr,prend les 

20 6tapes suivantes: , 

(1) preparation d'un premier meiange particulaire comprenant 

(a) de 10% a 90% de nitrofurantoTne; 

(b) de 5% a 86% de polyvinylpyrrolidone; et 



25 



5) miioducllw to. ur. wvelopps capsule qui Mt soUte tos J''"'* a»f»;„*^"": 
oou*. du Ht p^mte. m«l«.g. partcuWr.. « «c«<6, oou*e du d* Meed 



30 

melange particulaire 



40 

14. 



45 



12. Precede selon ia iBvendication 11. caract6ris6 en ce que le dit premier melange P^'^f^"'^*''®^^^^ 
de foJ r?0% deS^^^^ d'envlron 10% i environ 70% de polyvinylpyrrolidone, et de 5% ^ 

35 . 15% de polymfere carboxyvinylique. 

13 Precede selon la revendicatton 12. caracterise en ce que le dit polymere carljoxyvlnyllque a un F«ids 
mS^S cfau moins 1 250 000 et en ce que la dHe enveloppe de la c^ule est une enveloppe de 
gelatine dure qui est soluble dans le liquide gastrique. 

Precede selon la revendicatton 13. caracterise en ce que le dit premier melange P^^f'^^P'^^ 
Ta d^P^h^in^P^olldone ayant un poids moieculalre de 7 000 & 700 000 et de 7% & 10% de 
S^lvmSre SoSZ ayant un pids moieculaire d'environ 3 000 000. le dit polymere carboxyv- 
Slt etSf XlySre d'acide acrylique rettcuie par environ 1% de polyallyl sucrose ayant en 
moyenne environ 5.8 groupes allyies pour cheque molecule de sucrose. 

PatantansprOdne 

1 Bne Dharmazeutischo Kapsel zur oralen Verabreichung von Nitrofurantoin mit der KomWnation 
^haltendXhnXFreis^ung. umfassend in einer KapselhUlle. welche In der gastrcntestinalen 

FIDssigkeit ISsHch ist; ^^^eo^nH. 
(1) eine erste Schicht aus einer ersten teilchenformigen Mischung. umfassend. 

(a) 10 bis 90% Nitrofurantoin. 

(b) 5 bis 86% Polyvinylpyrrolidon und 

14 
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Nitrofurantoin, 
umfaet und die KapselhOlle Im Magensaft loslich 1st. 

. 5 K^sel gemac Anspruch 3. worin die erste tei.d,enf5rmige Misd,ung 20 bis 70% NHrofurantdn-saure 
hieL und 5 bis 15% Carboxyvinylpolymer umfaflt. 

,s 6 Kapse. gemaa Anspruch 2. worin die erste tei.chen,5m.ige Mischung 30 bis 70% Nitrofurantoin-sSure 
S^t hieL und 7 bis 10% Cart»,cy«^^^^ 

SucrosemolelcQI liat. vemetzte PoiyacryisSure isL . . 

Sucrosemoieidll hat. vemetzte Polyacrylsaure ist 
liat. 

11. Verfah^n zur Hersteiiung einer pham.a.eu.schen Kapse. - ^i^^*"-^ 
rSr Kombination anhaltehde/schnelle Freigabe. umfassend d.e Schntle. 

(1) eine erste teiicheniermige IVlischung herstellen. umfassend 

(a) 10 bis 90% Nitrofurantoin, 

(b) 5 bis 86% Polyvlnyipyn-olidon und . 

dieser ersten teilchenfSrmigen IVIIschung auftreten. ^ . makrokristaiiines Nitrofurantoin und 

(2) eine zweite teiichenfSrmlge "^'f ""^j;^ f "^^^^^ ,st. eine erste Schicht aus 

(3) inelnel<apselhillie.welche ndergastromte^^^^^^^ ^ teilchenfSrmigen 
der ersten teiichenfCrmigen iVlischung und em zweite bcnicnt au5 

iviischurig fUilen. 

1Z Verfahren gemafi Anspruch 11. worin die erste teiichenffirnjige Mi^hung 20 bis 70% Nitrofuramoin. 10. 
Ws^ pSryvinylpyr^iidon, und 5 bis 15% Carbox^^^^ 

u .A rfac rarhnywinvioolvmer ein IVloiekulargewicht von wenglstens 1 . 

MoBMargwIcht von 7 000 bis 700 000 i«.d 7 ^J^*J?*3Xe rtt M> n Polyallylsucrose, 
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